Purpose: Current cancer registry data cannot distinguish a justified cancer of unknown primary (CUP) diagnosis, where the patient received a complete diagnostic evaluation that was unable to identify the primary tumor, from potentially misclassified patients, documented as CUP but not based on a complete diagnostic evaluation. This misclassification may skew population-based cancer registry surveillance research used to frame and guide translational CUP research. We identified characteristics of patients who received justified vs. potentially misclassified CUP diagnoses in cancer registry data.
Introduction
The global availability of cancer registry data has enriched our understanding of cancer epidemiology, risks, and survival [1] . We rely on high-quality data for decision-making. However, cancer of unknown primary (CUP) presents challenges to cancer surveillance because CUP is a diagnosis of exclusion.
CUP is a metastatic cancer where diagnostic tests fail to identify the primary tumor [2, 3] . The primary site may have disappeared before diagnosis or is undetectable with current technology. Since the primary site is unknown among CUP patients, oncologists use methods like tumor pathology, histology, and grade to direct palliative treatment decisions [2, 3] . Palliative treatment can reduce symptoms, prolong survival, and improve quality-oflife among CUP patients.
The CUP definition relies on an unsuccessful, but complete diagnostic search for the primary tumor. Some patients may receive a CUP diagnosis not because the primary tumor cannot be found, but because contraindications, socioeconomic disparities, or technical limitations limit a thorough search for the primary tumor. Invasive diagnostic tests, like a biopsy, may be contraindicated for patients with advanced age, multiple comorbidities, or close to death. Up to 30% of tissue samples are inadequate for pathologist evaluation [4, 5] . Socioeconomic barriers to repeat biopsies, such as long distances to care and financial constraints, can all lead to an incomplete diagnostic evaluation. Research has indicated physician use of diagnostic evaluation may be hindered due to uncompelling or lack of effectiveness research for diagnostic methods [6] .
The only assessment of CUP diagnostic evaluation we could identify was a medical records review in France and Canada that reported only 23% of CUP patients received guidelinerecommended diagnostic evaluations [7] .
Cancer registries, a major source of cancer research and surveillance, do not currently document the extent of the diagnostic evaluation. Registry-based surveillance defines CUP with diagnosis terms found in the medical record, but without regard to the extent of the diagnostic inquiry or procedures conducted [8, 9] . Thus, population-based CUP studies potentially include misclassified patients, for whom an extensive search for the primary tumor was not conducted. We describe and evaluate a CUP diagnosis using the extent of diagnostic evaluation to differentiate patients with a justified CUP diagnosis from potentially misclassified CUP diagnoses.
Material and methods

Study population
This report identified CUP patients using the US Surveillance, Epidemiology and End Results (SEER) 2005-2009 population-based cancer registry. We began by identifying the final cancer diagnosis a patient received using ICD-O-2 code C80.9. Patients had follow-up until death or a minimum of two years ensuring CUP was the final diagnosis in the cancer registry; SEER follow-up is at least 95% complete [8] . We excluded patients diagnosed on a death certificate, at autopsy, or in a nursing home because the diagnostic evaluation was likely dissimilar to other patients.
We linked SEER cancer patients to Medicare insurance encounter data [9] . We only included patients continuously enrolled in Medicare fee-for-service to capture all diagnostic tests and treatments given to the patient. Age-eligible Medicare patients were examined at least one year before the cancer diagnosis; thus, participants were 66 and older. We only used paid Medicare claims to exclude erroneous or unjustified billing codes. Moreover, SEER-Medicare records are only complete for fee-for-service patients; thus, managed care participants were excluded.
We identified 10,575-CUP patients who met our inclusion/exclusion criteria in SEER and Medicare. We examined two subsets of this cohort. First, we examined patients who survived at least three months, so they would have time to receive all of the guidelinerecommended diagnostic tests (N=6,068). Second, to examine the impact of diagnostic evaluation on the receipt of treatment, we limited the cohort to those diagnosed in 2007 or later when prescription drug files became available to researchers (N=3,428).
Patient characteristics
Multiple sources help SEER cancer registrars document patient and tumor information. Cancer registrars, staff who collect cancer registry data, use a systematic and reproducible algorithm to document tumor information. The sources include hospitals, outpatient clinics, radiology departments, doctors' offices, laboratories, surgical centers, and death records [8] . From SEER registry data, we assessed gender, age in three groups (66-74, 75-84, 85 and older), and race-ethnicity in mutually exclusive groups (White, Black, Latino, and Other). From SEER linked to census data, we assessed median annual income as a proxy for patient income ranked into three groups (high, medium and low) and population density of residence (rural vs. urban).
SEER registry data include tumor pathology, specifically histology and grade (tumor cell differentiation). We classified CUP into standard mutually exclusive classifications: adenocarcinoma, squamous cell carcinomas, carcinomas with neuroendocrine differentiation, poorly differentiated carcinomas, and undifferentiated neoplasms [3] . Since this study examines the diagnostic evaluation of CUP patients, we included a sixth category suggestive of an incomplete diagnostic evaluation. This sixth category included unspecified or vague histology suggesting the biopsy sample was inadequate and not re-biopsied. The sixth category also included patients where the tumor grade was missing from the medical record. Table 1 documents histology codes. Comorbidity was determined using the Klabunde adaptation of the Charlson score from inpatient hospital, physician, and outpatient Medicare data [10] .
Guideline recommended-diagnostic evaluation
The clinical definition of CUP is the absence of an identifiable primary tumor despite a diagnostic evaluation. Kok, et al. compared professional society guidelines and identified consistently recommended diagnostic tests amongst these societies. These societies included the National Comprehensive Cancer Network (NCCN), the European Society for Medical Oncology (ESMO), the National Institute of Health and Care Excellence (NICE), and the American Society of Clinical Oncology (ASCO), among others [11] [12] [13] . We identified four requisites for initial diagnostic evaluation in the Medicare dataset. First, all guidelines recommend a level four comprehensive physical exam. Comprehensive physical exams are essential to interpret the results of subsequent diagnostic procedures [14] . Second, since all guidelines include laboratory assessments, we assessed if the patient received at least one laboratory code. Third, since all guidelines recommend CT scans and some recommend chest X-ray or PET scans, we included at least one scan to allow for physician preference and suspicion of the primary tumor. Fourth, all guidelines recommend a biopsy. We defined receipt of a complete initial diagnostic evaluation if a patient received all four diagnostic procedures within a three-month window of the SEER diagnosis date. We defined an incomplete evaluation if a patient was missing any one of the four initial requisite diagnostic procedures/tests within the three-month window. Herein, we refer to our definition of guideline-recommended initial diagnostic evaluation as 'complete diagnostic evaluation.' All codes are in Table 1 . We also examined two supplementary diagnostic tests, immunohistochemistry (IHC) and genetic/molecular tests.
Treatments
The ultimate goal of the diagnostic evaluation is to select palliative therapy to control symptoms or prolong life. We used radiation and chemotherapy administration codes in the physician and outpatient Medicare files. Chemotherapeutic or supplemental agents administered outside of the clinical setting were identified in Medicare Part D. Codes are in Table 1 . We did not classify surgery as treatment since most CUP patients present at emergency departments and receive emergency surgery before tumor pathology is known [15] .
Analysis
For the entire cohort, we calculated the median time between the CUP diagnoses and the receipt time for each of the four diagnostic tests ( Figure 1 ). We compared the timing of receipt of each of the four diagnostic tests between patients who eventually received and did not receive a complete diagnostic evaluation using the Wilcoxon-Mann-Whitney test, Figure  1 . We then calculated the percentage of patients receiving a complete diagnostic evaluation and treatment by patient characteristics ( Table 2 ).
We measured the determinants of receiving a complete diagnostic evaluation among patients surviving at least three-months using logistic regression (N=6,080; Table 3 ). We measured the odds ratio of receiving a justified diagnosis and calculated adjusted predicted probabilities using marginal standardization. This standardization technique proportionally adjusts the odds according to a weight for each level of covariate/exposure [16] . For each level of a covariate, the proportion of observations with the outcome that we would have observed had we been able to force all of the study population to covariate/exposure level was E=e.
where Set[E =e] forces all observations to a single exposure level e, and Z = z is the set of observed values for the covariate vector Z. The regression estimate, p ez , = ∑ z Pr Y=1 Set E=e from observed data is estimated [16] . The advantage of marginal standardization is generalizability to the entire cohort of Medicare patients in the SEER catchment area.
Fourth, we measured the determinants of receiving treatment among patients surviving at least three-months and diagnosed in 2007 or later using logistic regression and marginally standardized predicted probabilities (Table 4 ).
Sub analyses
We incidentally examined the concordance of CUP diagnoses in SEER to a CUP diagnosis in the Medicare encounter data as a sub-aim of this research [14] . Encounter data codes do not have the systematic and reproducible algorithm to identify tumors used by SEER registrars, so we used the broader NICE definition of CUP in the encounter data. To enhance the generalizability of our results, we examined if the non-concordant cases in SEER and Medicare influenced our inferences using a sensitivity analysis.
All analyses were performed using SAS statistical software, version 9.2 (SAS Institute, Cary, NC). Marginal standardization was assessed using the 'margins' macro in SAS. All statistical tests and confidence intervals were two-sided with the type 1 error level set at 5%.
Results
Descriptive results
We compared the timing of the receipt of each of the four diagnostic tests among patients with and without a complete diagnostic evaluation in Figure 1 The crude analysis showed that 35.3% of patients received a complete diagnostic evaluation within three months of diagnosis (Table 2) . About 41% of patients received any treatment.
Almost all patients received a scan, but only 62.6% received a biopsy. Of the 54.3% of patients receiving a biopsy resulting in an uncertain or vague pathology (epithelial, not otherwise specified, or undocumented pathology), 20.3% received a complete diagnostic evaluation compared with 53.7-71.4% of patients with documented pathology (histology and grade; Table 2 ). Table 3 depicts characteristics among patients receiving a justified CUP diagnosis based on a complete diagnostic evaluation. Younger age at diagnosis (66-74 vs. older) had 2.4 times higher odds of receiving a complete diagnostic evaluation, adjusted odds ratio and 95% confidence interval, AOR=2.4(2.1, 2,8). Higher odds of receiving a complete diagnostic evaluation was also observed among patients with the highest third of median income, AOR=1. 2(1.1,1.4 ). Lower odds of receiving a complete diagnostic evaluation was observed among female vs. male, AOR=0.8(0.7,0.9), among patients living in rural vs. urban areas, AOR=0.8(0.7,0.9), and among patients without comorbidities, AOR=0.6(0.5,0.8).
Characteristics of patients receiving a complete diagnostic evaluation
Patients with documented tumor pathology (histology and grade/differentiation) had the highest adjusted probability of receiving a complete diagnostic evaluation, 63.4% (61.6,65.2) vs. patients with vague or missing pathology, 34.0% (32.4,35.6) . The predicted probability of the youngest age group, 66-74, receiving a complete diagnostic evaluation was 54.9% (52.8,57.1) compared to the oldest age group, 85+, 35.6% (33.3,38.0). Using a linear combination of the three most influential variables predicting a complete diagnostic evaluation (documented tumor pathology, young age, and one comorbidity), the adjusted probability of the patient with a justified CUP diagnosis based on a complete diagnostic evaluation only reached 77% (data not shown elsewhere). Table 4 .
Patient characteristics and receipt of treatment
Sub-analyses results
The concordance of a CUP diagnosis in the Medicare claims data with SEER was 89%. Of the Medicare recipients without concordance, 9.5% had no cancer reported in the Medicare encounter data (CUP or other cancer), and 1.5% had a primary site in the encounter data that was not justified in the medical record data collected by registrars. The sensitivity analysis did not change our inferences (data not shown).
Discussion
Population-based epidemiological cancer data allows governments and health providers to target resources to those in need to ensure healthy and productive societies. CUP presents challenges to cancer surveillance. Only 35% of CUP patients reported to the cancer registry received a timely diagnostic evaluation. Rural patients were less likely to receive a complete diagnostic evaluation, even after adjustment for age, gender and socioeconomic variables. Even though the odds ratios demonstrated characteristics of receiving a justified CUP diagnosis, the population probabilities of receiving a justified CUP diagnosis were low. Vague or undocumented tumor pathology was the most influential indicator in the cancer registry to identify potentially misclassified CUP diagnoses. Conversely, documented tumor pathology had the highest probability to identify a justified CUP diagnosis in the cancer registry at 63.4%. For accurate assessment of the CUP burden, we recommend the SEER definition of CUP include the extent of diagnostic inquiry.
It is estimated that only 50% of US patients receive guideline-recommended care for all disease conditions [14] . The fact that only 35% of CUP patients received a complete diagnostic evaluation and that 40.7% of patients surviving longer than three months received palliative therapy suggests that CUP patients are a particularly vulnerable subset of cancer patients with regards to receipt of guideline-recommended care. The confounder-adjusted probability of receiving a complete diagnostic evaluation, even among a subset of patients with the most favorable characteristics (younger age, known tumor pathology, and one comorbidity) only reached 77%. Thus, population-based assessments of CUP likely include misclassified patients who were unor under-investigated for the primary tumor even when controlling for frailty (age, comorbidities, and survival time) and clinical uncertainty (illdefined tumor histology and grade). Misclassification and un-or under-diagnoses have implications for not only cancer surveillance of CUP, but also the equitable distribution of care.
This study identifies documented tumor pathology (histology and grade) as the best indicator in the cancer registry of a complete diagnostic workup and justified CUP diagnosis. However, documented tumor pathology is not sufficient to identify justified CUP diagnoses in cancer registry data. Given that 54% of elderly CUP Medicare patients examined in this study had unspecified or vague tumor pathology, a justified CUP diagnosis needs to be redefined to identify this population.
Regarding the confounders assessed, older age was associated with non-adherence to diagnostic evaluation regardless of comorbid conditions. Research shows, in general, older patients are less likely to receive cancer care relative to younger patients independent of comorbidities [17] [18] [19] . The adjusted probability of a complete diagnostic evaluation among patients with one comorbidity was higher than patients without comorbidities or with many comorbidities. These results are unsurprising given other research has documented comorbidities result in a higher quality of care [20] . Patients with comorbidities may contact the health care system more often than patients without comorbidities, thus are more likely to receive diagnostic evaluation [21] .
Adjustment for age and comorbid conditions did not mitigate the impact of socioeconomic/ racial disparities in the receipt of diagnostic care. Lower-income patients use health care less often, regardless of insurance and country-specific health care infrastructure [22] . Our findings show lower income as a contributor to non-receipt of a complete diagnostic evaluation. Our findings concur with research among Australian, UK, and US populations reporting higher CUP rates among disadvantaged populations [23, 24] .
Since CUP, by definition, is metastatic, treatment focuses on symptom relief, palliative care, and prolongation of life. Adjusted for age, a complete diagnostic evaluation including immunohistochemistry and genetic/molecular tests were the most influential factors influencing the probability of receiving treatment. Vajdic et al. reported Australian CUP patients receive fewer surgical resections (including biopsies) compared to patients with a known primary site [25] . Other factors influencing the receipt of treatment are race and income. This study documents that Whites relative to Blacks and higher income patients relative to lower income patients had higher odds of receiving treatment. These results are concordant with research that documents Black CUP patients have higher mortality rates than White and Latino CUP patients [26] .
Based on the results of the sub-analysis investigating concordance between SEER and Medicare for a CUP diagnosis, we suspect a primary site documented in claims records, but not in the medical record, could have been used to justify payment of clinical procedures and treatment.
The potential misclassification of CUP in cancer registries can influence population based assessments of clinical, public health, and health services interventions. All CUP patients, regardless of race, socioeconomic status, and presence of comorbidities should have the choice to receive the highest-quality, symptom-reducing palliative care. If a patient and physician chose to undergo diagnostic evaluation, tumor histology and grade should be documented. Biopsies should be repeated if the tissue sample was inadequate to identify tumor features. IHC or molecular profiling should be conducted if pathology is uncertain; research suggests IHC identifies pathology for 60-70% of cancers [27] . Conversely, our study found less than half of CUP patients receive IHC. Other studies reported molecular profiling predicted a site of origin for more than 95% of CUP patients [28, 29] . The low portions of patients receiving molecular tests may be due to the inconsistency among guideline-recommending organizations despite the compelling evidence of efficacy. During the observation time this study was conducted, Medicare did not cover genetic/molecular tests. Thus, financial access to molecular tests may have been unavailable to many patients [30] . Recently, commercial tests of gene profiling microarrays became available for the diagnosis of CUP. Medicare began covering some genetic tests for patients with metastatic cancers like CUP in 2017 [31] . When this data becomes available to researchers, it will be interesting to see if CUP incidence rates decline. This study will serve as baseline data and justification for future population-based assessments of CUP.
While the breadth of the SEER-Medicare dataset gave us incident CUP patients and robust sample size, this study has limitations. The patients were older than age 65. However, the average age of a CUP diagnosis is over age 80. Therefore, this study can be generalized to most CUP patients. Although most US patients over age 65 have Medicare insurance, this study excluded patients using Medicare managed care, who may be healthier [32] .
This study develops a methodological framework to improve and evaluate cancer surveillance for CUP. Improving cancer registry data enhances surveillance allowing researchers to understand new technologies, like molecular studies, help target future research, and expand resources on palliative treatment decisions to prolong survival, reduce symptoms, and improve quality-of-life for CUP patients [33, 34] . 
